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CUVINTE CHEIE: diabet zaharat tip 2, sindrom de apnee in somn, obezitate

INTRODUCERE

Prevalenta diabetului si a obezitatii a atins proportii epidemice. Desi este un fapt acceptat ca
alimentatia si reducerea activitatii fizice au contribuit la epidemia de obezitate, tot mai frecvent se
vorbeste de tulburdrile de somn ca factor de risc pentru aparitia obezitatii, insulinorezistentei, diabetului
zaharat tip 2 si a sindromului metabolic. Aceastd preocupare s-a concretizat in publicarea in anul 2008
de catre Federatia Internationalda de Diabet si American Heart Association/ American College of
Cardiology a doud rapoarte prin care se recunosteau implicatiile tulburdrilor respiratorii in timpul
somnului i importanta intelegerii interactiunilor intre apneea In somn si bolile cardiovasculare, si Intre
apneea in somn si diabetul zaharat.

Indiferent de natura relatiei existente Intre sindromul de apnee in somn si diabetul zaharat,
asocierea observata determina importante implicatii clinice, epidemiologice si de sdnatate publicd. Studii
clinice au demonstrat ca prevalenta morbiditatii §i a mortalitatii cardiovasculare, atat in diabet cat si in
sindromul de apnee in somn (SAS) este crescutd, depasind-o pe cea din populatia generald. Desi nu
existd studii care sd evalueze consecintele cardiovasculare ale asocierii diabetului cu sindromul de apnee
in somn, probabil riscul este cumulativ sau chiar sinergic. Patogeneza bolilor cardiovasculare in SAS
este multifactoriald, implicind mecanisme variate: cresterea tonusului simpatic, disfunctia endoteliala,
stresul oxidativ, statusul proinflamator, starea procoagulantd, insulinorezistenta si alterarea
metabolismului lipidic . Pacientii cu apnee in somn prezinta adesea obezitate abdominald, hipertensiune
arteriald, dislipidemie, insulinorezistenta si hiperglicemie . Diabetul zaharat tip 2 asociaza modificari
metabolice similare. Nu este surprinzator faptul cd prevalenta DZ tip 2 la pacientii hipertensivi, obezi, cu
sindrom de apnee in somn este de 40% .

In consecinti, intelegerea implicatiilor tulburarilor de somn in alterarea metabolismului glucidic
si cresterea riscului cardiovascular ar putea contribui la prevenirea complicatiilor cronice ale diabetului
zaharat.

STADIUL ACTUAL AL CUNOASTERII iN DOMENIUL TEMEI ABORDATE cuprinde trei capitole:

I.1. Diabetul zaharat tip 2 1n care sunt prezentate succint date referitoare la epidemiologia si
patogeneza diabetului zaharat tip 2, mecanismele patogenetice implicate in dezvoltarea complicatiilor
micro- s macrovasculare ale diabetului zaharat, precum si importanta controlului glicemic.



I.2. Sindromul de apnee in somn cuprinde o descriere a datelor existente in literaturd in acest moment
referitoare la screeningul si diagnosticul apneei in somn, tratamentul acestei afectiuni, precum si la
mecanismele implicate in relatia boli cardiovasculare- sindrom de apnee in somn.
I.3. Sindromul de apnee in somn de tip obstructiv si diabetul zaharat tip 2 prezinta date
epidemiologice, mecanismele implicate in asocerea sindrom de apnee in somn- echilibru glicemic,
precum si aspecte referitoare la efectele SAS asupra echilibrului glicemic si consecintele terapiei SAS
asupra acestui din urma aspect.
CERCETAREA PERSONALA include trei studii care au ca obiective:
e Evaluarea prevalentei sindromului de apnee in somn de tip obstructiv la persoanele cu diabet
zaharat tip 2.
e Cuantificarea efectului prezentei si severitatii SAS asupra echilibrului glicemic.
e Evaluarea influentei prezentei si severititii SAS asupra duratei si dispersiei intervalului QT,
precum si asupra duratei si dispersiei undei P.
e Evaluarea influentei prezentei si severitatii SAS asupra valorilor tensiunii arteriale sistolice si
diastolice.

I1.2. STUDIUL TRANSVERSAL 1: DETERMINAREA PREVALENTEI SINDROMULUI
DE APNEE iN SOMN DE TIP OBSTRUCTIV SIMPTOMATIC LA PACIENTII OBEZI CU DZ
TIP 2

Obiectivele principale ale acestui studiu au fost:

e Determinarea prevalentei sindromului de apnee in somn de tip obstructiv la pacientii obezi cu
DZ tip 2 prin utilizarea metodologiei de screening recomandata de IDF: identificarea pacientilor
cu un risc crescut prin utilizarea Scalei Epworth si diagnosticul apneei In somn de tip obstructiv
prin polisomnografie efectuata in cazul celor cu un risc crescut (punctaj > 10 la completarea
Scalei Epworth).

e Identificarea factorilor asociati cu prezenta SASO 1n cazul acestui grup de pacienti.

Metoda si analiza populatiei studiate

Determinarea prevalentei sindromului de apnee in somn de tip obstructiv simptomatic la pacientii obezi
cu DZ tip 2 s-a facut printr-un studiu descriptiv, transversal. Pentru screeningul apneei in somn a fost
utilizatd o abordare in doui etape, conform recomandarilor Federatiei Internationale de Diabet . In prima
etapa Scala Epworth a fost completati de toti participantii la studiu. In a doua etapa, pacientii cu un
punctaj >10 la completarea Scalei Epworth au fost indrumati spre laboratorul de somnologie pentru
efectuarea unei polisomnografii (considerati standardul de aur in diagnosticul apneei in somn). In
analiza finald au fost inclusi 242 pacienti cu diabet zaharat tip 2 si un IMC > 30kg/m”.

Rezultate

In urma rezultatelor obtinute la polisomnografie, 54 pacienti (22.3%) au indeplinit criteriile pentru
diagnosticul SAS, si in toate cazurile apneea a fost predominant de tip obstructiv (SASO). In ceea ce
priveste severitatea, din totalul cazurilor diagnosticate 29.6% aveau o forma usoara de SASO (IAH=5-
15 evenimente/ord de somn), 37% moderatd (IAH=15-30 evenimente/ora de somn) si 33.3% severa
(IAH > 30 evenimente/ord de somn). In ceea ce priveste distributia pe sexe, prevalenta SASO a fost
semnificativ mai mare in cazul barbatilor comparativ cu femeile (28.2% vs. 16.8%, p= 0.04). Aceasta



predominantd a sexului masculin este similard datelor existente in literatura de specialitate i provenite
din populatia generala, potrivit carora sexul masculin reprezintd un factor de risc pentru aparitia apneei
in somn de tip obstructiv. Analiza prevalentei pe grupe de varsta a aratat cd 58.7% din cazuri erau
prezente in in cazul persoanelor cu varsta mai mica de 50 ani, un rezultat neasteptat daca ne gandim ca
in cazul populatiei generale prevalenta SASO creste o datd cu naintarea In varsta.

Prin analiza statisticd au fost identificati urmdtorii factori asociati cu cazurile nou-diagnosticate de
SASO (in ordinea odds ratio, care ne indica puterea asocierii): varsta (OR: 1.94, 95%IC: 1.91 — 1.97),
sexul masculin (OR: 1.94, 95%IC: 1.04 — 3.61), HbAlc (OR: 1.30, 95%IC: 1.08 — 1.57), valoarea IMC
(OR: 1.10, 95%IC: 1.04 — 1.18) si circumferinta abdominald (OR: 1.04, 95%IC: 1.01 — 1.07).

Concluzii

Principalul rezultat al acestui studiu a fost identificarea unei prevalente crescute a sindromului de apnee
in somn de tip obstructiv simptomatic la pacientii obezi cu diabet zaharat tip 2: 22.3%, mai mare in
cazul barbatilor comparativ cu femeile. La 3 din 4 persoane nou-diagnosticate, SASO a fost moderata
sau severd. In aceste situatii se recomandi initierea terapiei pentru ameliorarea calitatii vietii si
prevenirea complicatiilor apneei in somn. Factorii identificati ca fiind asocati cu prezenta apneei in
somn au fost reprezentati de: varsta, sexul masculin, cresterea circumferintei abdominale, a indicelui de
masa corporala si deteriorarea echilibrului glicemic.

I1.3. STUDIUL TRANSVERSAL 2: CUANTIFICAREA EFECTULUI PREZENTEI $I
SEVERITATII SAS ASUPRA ECHILIBRULUI GLICEMIC, VALORILOR TENSIUNII
ARTERIALE $I ASUPRA RISCULUI DE ARITMII VENTRICULARE $I
SUPRAVENTRICULARE

Obiectivele principale ale acestui studiu au fost:
e Evaluarea efectului prezentei si severitatii SAS asupra echilibrului glicemic evaluat prin HbAlc
e Evaluarea efectului prezentei SAS asupra valorilor tensiunii arteriale sistolice si diastolice
o [Evaluarea efectului prezentei si severititii SAS asupra riscului de aritmii ventriculare si
supraventriculare

Metoda si analiza populatiei studiate

Realizarea obiectivelor s-a facut printr-un studiu observational, analitic, transversal. Toti
pacientii care au acceptat sa participe la studiu au fost invitati sd doarma o noapte in Centrul de Diabet
Cluj. In cursul acestei nopti s-a efectuat un studiu cardiorespirator in timpul somnului cu ajutorul unui
aparat portabil: ApneaLink'” (ResMed Corporation, Poway, Calif). Rezultatele au fost analizate
manual, si coroborat cu simptomatologia, au permis diagnosticul apneei in somn. La trezire s-a
inregistrat o electrocardiograma in 12 derivatii, s-au recoltat probe biologice in conditii bazale, s-au
inregistrat indicii antropometricii, s-a completat istoricul personal, Scala de somnolentda Epworth si au
fost chestionati cu privire la alte simptome prezente in timpul somnului (sfordit — frecventd/sdptamana,
treziri cu senzatia de sufocare, pauze respiratorii relatate de partener).

Rezultate

Cel de al doilea studiu a demonstrat o prevalentd a SAS de 64% in randul persoanelor cu diabet
zaharat tip 2 aflate in evidenta Centrului de Diabet Cluj.. Acest studiu nu a fost conceput pentru a
determina prevalenta apneei in somn, deci puterea statistica ar putea fi inferioara primului studiu. Insa



prin analiza acestor date au fost inlaturate o serie din neajunsurile primului studiu: au fost incluse
persoane cu diabet zaharat tip 2 indiferent de valoarea indicelui de maza corporala (cu sau fara
obezitate), iar screeningul apneei In somn s-a efectuat prin poligrafie cardiorespiratorie cu ajutorul unui
aparat portabil: ApneaLink ™ (ResMed Corporation, Poway, Calif).

Studiul 2 a fost conceput pentru a evalua influenta apneei in somn asupra echilibrului glicemic.
Astfel, persoanele cu apnee in somn au prezentat valori medii ale HbAlc semnificativ mai mari
comparativ cu pacientii fard apnee In somn, atat inainte de ajustare cat si dupa ajustarea pentru diferiti
factori care sunt cunoscuti a influenta valoarea HbAlc (8.36% vs. 7.57%, p=0.02). Acesta diferenta de
0.79 puncte procentuale intre valorile medii ale HbAlc este similard efectului hipoglicemiant al unor
medicamente. Analiza asocierii valorii HbAlc cu parametrii respiratori In timpul somnului a aratat ca
independent de gradul obezitatii, vechimea diabetului §i terapia hipoglicemianta, cresterea cu 1 a
numarului de episoade de desaturare/ orda de inregistrare se asociaza cu cresterea valorii medii a HbAlc
cu 0.21%; reducerea saturatiei medii a oxigenului cu 1% se asociazd cu o crestere cu 0.23%, iar
reducerea saturatiei minime a oxigenului cu 1% se asociazd cu o crestere cu 0.24% la nivelul populatiei
studiate.

Un alt obiectiv al acestui studiu a fost evaluarea valorilor tensiunii arteriale sistolice si diastolice
comparativ la persoanele cu si fard apnee In somn. Desi era de asteptat ca prezenta SAS prin activarea
sistemului vegetativ simpatic sd se asocieze cu valori tensionale semnificativ crescute comparativ cu
persoanele fara SAS, nu s-au constat diferente intre valorile medii ale tensiunii arteriale sistolice si
diastolice in cele doua grupuri. Insd un procent mai mare de pacienti cu apnee in somn prezinti valori
tensionale peste obiectivele terapeutice recomandate de ghidurile In vigoare: 130/80mmHg si de
asemenea necesitd terapie cu 2 sau mai multe hipotensoare comparativ cu pacientii fara apnee in somn
(40.6% din pacientii cu SAS si 36.1% din pacientii fara SAS, p=0.03). Aceste rezultate au fost
confirmate de monitorizarea tensiunii arteriale timp de 24h.

Principalul rezultat al substudiului referitor la influenta prezentei SAS asupra intervalului QT
este reprezentat de demonstrarea asocierii intre dispersia intervalului QT (indicator al repolarizarii
miocardice neuniforme) si parametrii respiratori in timpul somnului in cazul persoanelor cu diabet
zaharat tip 2. Aceasta relatie a fost independenta de valoarea IMC, varsta, frecventa cardiaca, TAs, TAd,
prezenta bolilor cardiovasculare si echilibrul glicemic (HbAlc). Fluctuatiile duratei intervalului QT
(evidentiate prin dispersia intervalului QT) s-au modificat in paralel cu severitatea apneei in somn: de la
valori medii de 40.0 msec in grupul de control pana la 64.8 msec In grupul cu SAS moderatd/severa
(p=0.004). Asocierea nu a fost prezentd in cazul intervalului QT corectat pentru frecventa cardiacd
(QTec). Dar, prevalenta intervalului QTc prelungit (> 440ms) a crescut o datd cu cresterea severitatii
apneei in somn: de la 10.5% in grupul de control i 26.1% in grupul cu SAS moderata si severa.

Pentru evaluarea tulburdrilor de conducere a impulsurilor la nivel atrial au fost utilizate durata
maxima, medie, minimd a undei P, precum si dispersia undei P (diferenta intre durata maxima si minima
a undei P masutata pe ECG de suprafatd). Principalele rezultate sunt reprezentate de demonstrarea
asocierii intre saturatia oxigenului in sangele arterial, valoarea maxima a undei P si dispersia undei P.
De asemenea s-a evidentiat cd durata maxima, si dispersia undei P sunt semnificativ mai crescute in
cazul persoanelor cu SAS comparativ cu cele fara SAS, si mai mult, ca dispersia undei P variaza
semnificativ in raport cu severitatea apneei in somn.

Concluzii

Screeningul sistematic al apneei in somn a relevat o prevalentd extrem de mare a acestui sindrom in
cadrul populatiei analizate. Comparativ cu pacientii fard SAS, pacientii cu apnee in somn au prezentat
valori semnificativ mai mare ale HbAlc, echivalente cu un echilibru glicemic mai precar. Independent



de gradul obezitdtii, vechimea diabetului s§i terapia antihiperglicemianta, cresterea numadrului de
episoade de desaturare/ ord de inregistrare, reducerea saturatiei medii a oxigenului In sange in timpul
somnului si reducerea saturatiei minime a oxigenului in sange in timpul somnului s-au asociat cu
cresterea valorii medii a HbA1c la nivelul populatiei studiate.

Nu s-au constatat diferente intre valorile medii ale tensiunii arteriale sistolice si diastolice in cele doua
grupuri.

Cresterea severitatii sindromului de apnee in somn s-a asociat cu cresterea dispersiei intervalului QT,
semn al accentuarii repolarizarii miocardice neuniforme, favorizand astfel dezvoltarea aritmiilor
ventriculare maligne. De asemenea, dispersia undei P s-a asociat negativ cu saturatia medie $i minima a
oxigenului in sangele arterial.

I1.4. STUDIUL TRANSVERSAL 3: EVALUAREA INFLUENTEI APNEEI iN SOMN ASUPRA
VARIABILITATII GLICEMICE CUANTIFICATA PRIN INDICI DERIVATI DIN
MONITORIZAREA GLICEMICA CONTINUA

Obiectivul principal al acestui studiu a fost cuantificarea efectului prezentei SAS asupra variabilitatii
glicemice in cazul pacientilor cu diabet zaharat tip 2.

Metoda si analiza populatiei studiate

Realizarea obiectivelor s-a facut printr-un studiu observational, analitic, transversal, caz-martor.
Pacientilor care indeplineau criteriile de includere si nu prezentau criterii de excludere si care au
acceptat s participe la studiu li s-a montat un senzor de monitorizare continud a glicemiei cu scopul
evaluirii variabilitatii glicemice (continuous glucose monitoring system — CGMS). In cea de a doua
noapte In care pacientii aveau montat senzorul s-a efectuat o poligrafie cardiorespiratorie n timpul
somnului cu ajutorul unui aparat portabil: ApneaLink ™ (ResMed Corporation, Poway, Calif). in aceasta
analiza au fost inclusi 18 pacienti (10 cu apnee in somn si 8 fard apnee in somn).

Rezultate

Au fost analizati parametrii care descriu variabilitatea glicemica atat in grupul cu SAS cat si In
grupul de control: amplitudinea medie a excursiilor glicemice (MAGE), amplitudinea maximad a
excursiilor glicemice (LAGE) si deviatia standard a valorilor glicemice (DS). S-a constatat cd valorile
parametrilor care descriu variabilitatea glicemica au fost semnificativ mai mari in grupul cu sindrom de
apnee comparativ cu grupul fara apnee in somn: MAGE: 83.8+30.3 vs. 49.2+16.4, p=0.01; LAGE:
181.1£70.6 vs. 114.1£56.8, p=0.04; DS: 42.5+11.3 vs. 27.5+10.6, p=0.01. Prezenta si severitatea SAS s-
a asociat cu valorile variabilitatdtii glicemice exprimate prin MAGE si DS (6=0.58, p=0.007 in cazul
MAGE si B=0.55, p=0.03 in cazul DS). Aceste relatii au fost independente de sexul si varsta
pacientilor, de terapia hipoglicemiantd, vechimea diabetului si echilibrul glicemic. De asemenea, s-au
evidentiat corelatii semnificative statistic, de intensitate moderata intre MAGE si indicele de apnee-
hipopnee (p=0.62, p=0.005) si intre MAGE si numarul de episoade de scadere a saturatiei oxigenului in
sangele arterial cu > 4% in cursul somnului (p=0.63, p=0.005). O corelatie similara a fost observata intre
deviatia standard a glicemiilor inregistrate pe senzor in cursul celor 3 zile si indicele de apnee-hipopnee
si numarul de episoade de scadere a saturatiei oxigenului in sangele arterial cu > 4% In cursul somnului
(p=0.56, p=0.01 si p=0.53, p=0.02).

Un alt rezultat al studiului 3 a fost reprezentat de evidentierea unei variabilitatii glicemice in
cursul somnului (evaluata prin deviatia standard a valorilor glicemice in cursul somnului) mai



accentuata in cazul persoanelor cu SAS comparativ cu cele fara SAS (23.8+6.1 vs. 15.5£9.9, p= 0.04).
Astfel, am demonstrat ca deviatia standard a valorilor glicemice in cursul somnului este asociata cu
saturatia minima a oxigenului in sangele arterial in timpul somnului si cu numarul de episoade de
scadere a saturatiei oxigenului in sangele arterial cu > 4% in cursul somnului §i nu este influentata de
indicele de apnee-hipopnee sau severitatea apneei in somn (Saturatia minima a O,: B=-0.39, B =-0.51,
p=0.04; ODI: B=0.15, 3=10.57, p=0.04).

Concluzii

Pacientii cu apnee in somn au prezentat valori ale parametrilor care descriu variabilitatea glicemica
semnificativ mai mari comparativ cu persoanele fara apnee in somn. Parametrii care descriu severitatea
apneei in somn (indicele de apnee-hipopnee si numarul de episoade de scadere a saturatiei oxigenului in
sangele arterial cu > 4% in cursul somnului) s-au corelat pozitiv si semnificativ statistic cu amplitudinea
medie a excursiilor glicemice si cu deviatia standard a valorilor glicemice inregistrate pe senzor.

CONCLUZII FINALE

Studiile efectuate in cadrul cercetarii personale furnizeaza in premiera in Romania date
referitoare la prevalenta sindromului de apnee in somn in randul persoanelor cu diabet zaharat tip 2. Cel
mai Ingrijorator aspect din punct de vedere al impactului epidemiologic este reprezentat de prevalenta
extrem de crescutd a sindromului de apnee in somn in randul persoanelor cu diabet zaharat tip 2 care in
studiul descris a fost de 64% (73.8% in cazul barbatilor si 48.7% in cazul femeilor).

Un alt aspect important este identificarea factorilor asociati cu SAS la persoanele cu diabet
zaharat, precum si demonstrarea efectului pe care prezenta apneei in somn in exercita asupra echilibrului
glicemic si a riscului de aritmii ventrculare si supraventriculare (evaluat prin dispersia intervalului QT si
a undei P). Acesti factori ar putea fi utilizati In viitor pentru identificarea persoanelor cu un risc crescut
pentru prezenta sindromului de apnee in somn.

Datele epidemiologice obtinute in cadrul studiilor efectuate atrag atentia asupra faptului cd doua
treimi dintre persoanele cu diabet prezintd apnee in somn nediagnosticata anterior si netratatd si ca
prezenta apneei In somn se asociazad cu un dezechilibru glicemic mai accentuat si cu un grad mai crescut
de obezitate. Este important sa cunoastem aceste aspecte epidemiologice care demonstreaza extinderea
sindromului de apnee in somn la persoanele cu diabet zaharat, deoarece pe baza acestor constatari ar
putea fi gandite strategii de screening la nivel populational.
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INTRODUCTION

The prevalence of diabetes and obesity has reached epidemic proportions. Even if today it is an accepted
fact that diet and reduced physical activity are causes of obesity epidemic, recently, sleep disturbances
are seen as risk factors for obesity, insulin resistance, type 2 diabetes and metabolic syndrome. This
concernment materialized in publication of two reports from International Diabetes Federation
American Heart Association/ American College of Cardiology in 2008. These reports recognized the
consequences of sleep disordered breathing and the importance of understanding the interaction between
sleep apnea and cardiovascular diseases, and between sleep apnea and diabetes.

Regardless of the nature of the relation between sleep apnea (SAS) and diabetes, the observed
association have important clinical, epidemiological and public health implications. Clinical studies
have shown that the cardiovascular morbidity and mortality is high, both in diabetes and sleep apnea,
overcoming the prevalence observed in general population. Although both disorders (diabetes and SAS)
are associated with increased cardiovascular morbidity and mortality, and probably the risks are additive
or even synergistic, no studies have evaluated cardiovascular outcome when both conditions are present
The pathogenesis of cardiovascular disease in SAS is multifactorial, implying various mechanisms:
sympathetic nervous system over activity, endothelial dysfunction, oxidative stress, systemic
inflammation, metabolic dysregulation, hypercoagulability, and insulin resistance. Often, patients with
SAS present abdominal obesity, arterial hypertension, dyslipidemia, insulin resistance and
hyperglycemia. Type 2 diabetes associates similar metabolic disturbances. It is not surprising that the
prevalence of type 2 diabetes in obese, hypertensive patients with sleep apnea is around 40%.

Thus, understanding the implications of sleep apnea in alteration of glucose metabolism and
cardiovascular risk could contribute to the prevention of both micro- and macrovascular complications.

CURRENT KNOWLEDGE STATUS encloses three chapters:

I.1. Type 2 diabetes, which briefly describes epidemiology and pathophysiology of type 2 diabetes,
pathogenetic mechanisms by which diabetes can lead to microvascular and macrovascular
complications, as well as the importance of glycemic control.

I.2. Sleep apnea syndrome chapter describes the data currently available regarding the screening,
diagnosis and treatment of sleep apnea. Also, this chapter, brefly describes the proposed mechanisms
implied in the relation cardiovascular diseases — sleep apnea syndrome.

L.3. Obstructive sleep apnea syndrome and type 2 diabetes. This chapter describes results from
epidemiological studies regarding the prevalence of sleep apnea in patients with diabetes, possible
mechanism involved in the observed association between sleep apnea and alterations in glucose
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metabolism. Another issue detailed in this chapter is the effect of SAS and SAS therapy on glycemic
control.

PERSONAL RESEARCH comprises three studies which have as objectives:

e To determine the prevalence of SAS in a representative sample of patients with type 2 diabetes.

e To compare the effect of the association between obstructive sleep apnea syndrome and type 2
diabetes compared with type 2 diabetes alone on glycemic control.

e To assess QT interval duration and dispersion and P wave duration and dispersion in patients
with type 2 diabetes and sleep apnea comparative with patients with type 2 diabetes without
sleep apnea.

e To investigate the effect of SAS and SAS severity on blood pressure

I1.2. CROSS-SECTIONAL STUDY 1: PREVALENCE OF SYMPTOMATIC FORMS OF
OBSTRUCTIVE SLEEP APNEA IN OBESE PATIENTS WITH TYPE 2 DIABETES

The aim of this study was:

e To determine the prevalence of obstructive sleep apnea (OSA) in obese patients with type 2
diabetes using the screening methodology proposed by International Diabetes Federation: (first
filling a questionnaire regarding daytime sleepiness and then sleep study in symptomatic
patients)

e To identify factors associated with OSA in this group of patients.

Patients and Methods

242 patients with type 2 diabetes and a BMI > 30kg/m” were included in a descriptive, cross-sectional
study. For the screening of OSA a two stage approach was used: first, every patient completed Epworth
Sleepiness Scale. In those patients with a score over 10 points, a polysomnography was performed. This
investigation, considered as gold standard for the diagnsosis of sleep disorders, was used to diagnose
sleep apnea.

Results

Based on symptoms and sleep study, 22.3% of the study participants (54 patients) fulfilled the diagnosis
criteria for sleep apnea and in all cases sleep apnea was obstructive. Regarding the severity, 29.6% of
the patients with SAS had a mild form (AHI=5-15 events/hour of sleep), 37% “moderate” (AHI=16-30
events/hour of sleep) and 33.3% “severe” sleep apnea (AHI >30 events/hour of sleep). Also, OSA was
more common in male patients compared with females (28.2% vs. 16.8%, p= 0.04). These results are
similar with those previously described in literature, which states that male gender represents a risk
factor for OSA. When prevalence was analyzed according to age groups, 58.7% of cases were present in
younger patients (below 50 years of age), a surprising result if we think that in general population OSA
prevalence increases with age.

Univariate logistic regressions analysis was used in order to identify predictors of OSA. In order of odds
ratio (describing the strength of the association), the following factor were identified: age (OR: 1.94,
95%IC: 1.91 — 1.97), male sex (OR: 1.94, 95%IC: 1.04 — 3.61), HbAlc (OR: 1.30, 95%IC: 1.08 — 1.57),
BMI (OR: 1.10, 95%IC: 1.04 — 1.18) and waist circumference (OR: 1.04, 95%IC: 1.01 —1.07).
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Conclusions

The main finding of this study is the high prevalence of undiagnosed symptomatic sleep apnea in obese
patients with type 2 diabetes: 22.3%, higher in males then in females. In 3 of 4 diagnosed cases, it was a
moderate or severe form of OSA, requiring treatment initiation in order to increase quality of life and
prevent OSA complications. Factors identified as predictor of OSA were: age, male sex, higher BMI,
larger waist circumference and alteration of diabetes control.

I1.3. CROSS-SECTIONAL STUDY 2: QUANTIFICATION OF THE EFFECT OF PRESENCE
AND SEVERITY OF SLEEP APNEA ON GLYCEMIC CONTROL, ARTERIAL
HYPERTENSION AND RISK OF VENTRICULAR AND SUPRAVENTRICULAR
ARRHYTMIAS

The main objectives of this study were:
e To compare the effect of the association between obstructive sleep apnea syndrome and type 2
diabetes compared with type 2 diabetes alone on glycemic control evaluated by HbAlc.
e To investigate the effect of SAS on systolic and diastolic blood pressure.
e To assess the effect of SAS on risk of ventricular and supraventricular arrhythmias.

Patients and Methods

To realise the proposed objectives, an observational, analitical, cross-sectional study was performed. All
the patients who accepted to participate in the study had undergone a complete in-hospital cardio-
respiratory study performed with a portable device: ApneaLink ™ (ResMed Corporation, Poway, Calif).
In order to increase diagnosis accuracy, all records were manually scored and corroborated with
symptoms allowed the diagnosis of sleep apnea. In the morning, a 12- lead ECG was recorded. A
complete medical history was collected. Fasting blood samples were drawn from every individual in the
morning after an 8 hours overnight fasting period and anthropometric measurements were performed in
all subjects. Also, the Epworth Sleepiness Scale (which evaluates daytime sleepiness) was administered
to all patients, which were questioned regarding other symptoms related to sleep (snoring, awakenings
with choking sensation, respiratory pauses related by the partner).

Results

This second study revealed a higher prevalence of SAS in patients with type 2 diabetes compared with
the previous one: 64%. Because this study was not designed to determine the prevalence of sleep apnea,
it might have a statically power inferior to the previous one. But, by realizing this second study many
limitations of the first one were removed: were included patients with type 2 diabetes irrespective of
their BMI and the screening of SAS was performed by cardio-respiratory study with a portable device:
ApneaLink™ (ResMed Corporation, Poway, Calif).

This study was designed to evaluate the effect of sleep apnea on glycemic control. We found that
patients with sleep apnea had greater HbAlc values compared with patients without sleep apnea (8.3%
vs. 7.6%, p=0.02). Adjustment for sex, age, diabetes duration, diabetes treatment, and BMI and waist
circumference had little effect on HbAlc values. This observed difference of 0.70 percentage points is
similar to the effect of some hypoglycemiant drugs. In order to delineate the relationship between sleep
apnea and glycemic control, univariate linear regression analysis was performed with HbAlc as
dependent variable and parameters evaluated during sleep study as independent variables. We
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demonstrated that after adjustment for BMI, diabetes duration and pharmacotherapy for diabetes, each
increase of the desaturation index with one episode/hour of sleep was associated with 0.21% increase in
HbAlc; reduction of mean oxygen saturation during sleep was associated with 0.23% and each
reduction of lowest oxygen saturation was associated with 0.24% increase in HbAlc.

Another objective of in this study was to investigate the effect of SAS on blood pressure. According to
published literature, the presence of SAS should be associated with higher blood pressure through the
sympathetic nervous system overactivity. This effect was not visible in the population studied, but
compared with non-SAS subjects, a higher percent of patients with SAS presented blood pressure values
over the levels recommended by current guidelines and were treated with 2 or more blood lowering
drugs (40.6% of SAS patients and 36.1% of nonSAS patients, p=0.03). These results were confirmed by
blood pressure ambulatory monitoring.

The main finding of the sub-study regarding the effect of SAS on duration and dispersion of
various intervals measured on surface ECG was the presence of a strong association between QT
interval dispersion (marker of inhomogeneity of repolarization) and respiratory sleep parameters in
patients with type 2 diabetes. This relationship was independent of BMI, systolic and diastolic blood
pressure, HbAlc and presence of coronary heart disease. Patients with greater severity of OSA, as
determined by a higher AHI had greater fluctuations in QT interval duration: from mean duration of
40msec in controls to 64.8 sec in patients with moderate/severe SAS (p=0.004). None of the sleep
respiratory parameters were associated with the length of the QT interval corrected for heart rate.
Another important finding of our study is that the prevalence of abnormally long QTc interval increases
with severity of sleep apnea: from 10.5% in the control group, to 26.1% in patients with moderate and
severe sleep apnea.

Maximum, minimum and mean P wave duration, as well as P wave dispersion (difference
between maximum and minimum P wave duration measured on surface ECG) were used to quantify the
alterations in atrial conduction. Another important result of the sub-study was the association observed
between oxygen saturation in arterial blood during sleep and maximum P wave duration and P wave
dispersion. Also, maximum P wave duration and dispersion were significantly higher in patients with
SAS and the severity of sleep apnea was associated with higher P wave dispersion.

Conclusion

Systematic screening of sleep apnea revealed an extremely high prevalence of this syndrome in
the studied population: 64%. Compared with patient without SAS, patients with sleep apnea had
significantly higher levels of HbAlc, equivalent with poorer glycemic control. Among parameters
evaluated during sleep study, only mean and minimum oxygen saturation during sleep and oxygen
desaturation index was associated with HbAlc values among patients with type 2 diabetes. No
difference was observed regarding blood pressure between patients with and without SAS. Increased
severity of SAS, as determined by AHI, was associated with increased dispersion of QT interval, a sign
of non-uniform ventricular repolarization, thus possibly providing a substrate for the development of
malignant ventricular arrhythmias. Also, the P wave dispersion was negatively associated with mean and
minimum oxygen saturation during sleep.
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I1.4. CROSS-SECTIONAL STUDY 3: THE EVALUATION OF THE EFFECT OF SLEEP
APNEA ON GLYCEMIC VARIABILITY, QUATIFIED BY INDICES DERIVED FROM
CONTINUOUS GLUCOSE MONITORING

The aim of this study was to quantify the effect of SAS on glycemic variability in patients with type 2
diabetes.

Patients and Methods

A cross-sectional, observational, analytical, case-control study was designed. Continuous glucose
monitoring — CGM was performed in patients fulfilling inclusion criteria, without exclusion criteria and
who accepted to participate in the study. During the second night of glucose monitoring, a cardio-
respiratory sleep study was performed with a portable device: ApneaLink'™ (ResMed Corporation,
Poway, Calif). In the present analysis were included 18 patients (10 with sleep apnea and 8 without
sleep apnea).

Results

Parameters that describe glucose variability were analised in both groups (with and without
SAS): mean amplitude of glucose excursions (MAGE), largest amplitude of glucose excursions (LAGE)
and standard deviation of glucose values (SD). All parameters displayed significantly higher levels in
SAS group compared with controls: MAGE: 83.8+30.3 vs. 49.2+16.4, p=0.01; LAGE: 181.1+70.6 vs.
114.1+£56.8, p=0.04; SD: 42.5+£11.3 vs. 27.5£10.6, p=0.01. the presence and severity of SAS was
associated with glycemic variability assessed by MAGE and SD (8#=0.58, p=0.007 for MAGE and
3=0.55, p=0.03 for SD). All ssociations remained statistically significant after adjustment for age, sex,
diabetes duration, diabetes control and therapy. Also, pisotive significant correlations were present
between MAGE and apnea-hypopnea index (p=0.62, p=0.005) and between MAGE and oxigen
desaturation index (p=0.63, p=0.005). also, a similar correlation was observed between SD and apnea-
hypopnea index(p=0.56, p=0.01) and between SD and oxigen desaturation index (p=0.53, p=0.02).

Another important finding of this study was that glycemic variability during sleep (assessed by
SD of glycemic values during night) was significantly higher in patients with SAS compared with those
without sleep apnea (23.8+£6.1 vs. 15.5+£9.9, p= 0.04). In linear regression analysis this parameter (that
was used to describe glycemic variability during sleep) was associated with minimum oxigen saturation
in blood during sleep and with oxigen desaturation index (minimum O; saturation: B=-0.39,  =-0.51,
p= 0.04; ODI: B=0.15, B = 0.57, p= 0.04). no association was observed between glycemic variability
during sleep and apnea-hypopnea index or severeity of SAS.

Conclusion

In conclusion, higher glucose variabilty is present in patients with sleep apnea and parameters that
describes the severity of SAS (apnea-hypopnea index, oxigen desaturation index) were significantly
correlated with mean amplitude og glocose excursions and standard deviation of glucose excursion
during continuous glucose monitoring.

FINAL CONCLUSIONS

To the best of my knowledge it is the first research that assesses the prevalence of sleep apnea in
patients with type 2 diabetes performed in Romania. From the point of view of epidemiological impact,
the most concerning aspect is the high prevalence of sleep apnea in patients with type 2 diabetes: 64%
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(73.8% in males and 48.7% in females). Another important finding of research is the identification of
characteristics associated with the presence of SAS in type 2 diabetic patients, demonstration of the
effect of this disease on glycemic control and on the risk of ventricular and supraventricular arrhythmias
(assessed by QT interval and P wave dispersion).

Epidemilogical data from the personal research bring forward that two of three patients with
diabetes have sleep apnea undiagnosed and untreated and that sleep apnea is associated with poorer
glzcemic control and higher obesitz grade. It is important to recognize this epidemiological aspects that
demonstrates the burden of sleep apnea syndrome in patients with diabetes. The associations found may
form a basis to develop specific recommendations for screening of sleep apnea in diabetic population
from Romania.
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